Innate and adaptive immune system cells play a major role in regulating the growth of cancer. Although it is commonly thought that an immune response localized to the tumor will inhibit cancer growth, it is clear that some types of inflammation induced in a tumor may also lead to cancer proliferation, invasion, and dissemination. Recent evidence suggests, however, that some patients with cancer can mount an antitumor immune response that has the potential to control or eliminate cancer. Indeed, a so-called "immune response" signature has been described in malignancy that is associated with improved outcomes in several tumor types. Moreover, the presence of specific subsets of T cells, which have the capability to penetrate tumor stroma and infiltrate deep into the parenchyma, identifies patients with an improved prognosis. Immunebased therapies have the potential to modulate the tumor microenvironment by eliciting immune system cells that will initiate acute inflammation that leads to tissue destruction.
INTRODUCTION
Cancer is an inflammatory disease. The types of immune system cells that are found infiltrating human malignancy are varied and consist of cells of the innate immune system (eg, macrophage, neutrophils) as well as cells associated with an adaptive immune response (eg, T and B cells). Innate immunity represents the body's "gut reaction" to an abnormality, such as cancer, and does not involve specific recognition of immunogenic proteins, which are called antigens. Adaptive immunity is a specific response to a particular tumor-associated antigen. Both innate and adaptive immune cells orchestrate an inflammatory environment that may function to either stimulate or inhibit cancer growth (Table 1) . It is suggested that the inflammatory response found in many cancers is one of chronic inflammation, resulting in an environment rich in innate immune cells, which secrete substances that promote angiogenesis and cell proliferation. The growth-enhancing properties of this type of inflammatory response have been likened to inflammation consistent with wound healing. 1 Increasing evidence, however, indicates that some patients with cancer mount an adaptive immune response specifically directed against antigenic proteins expressed in their tumors. T cells that secrete cytokines such as interferon gamma (IFN-␥) generate acute inflammation that results in expansion of cytotoxic T cells (CTLs), tissue destruction, and the potential control or even elimination of cancer. 2 The tissuedestructive properties of this type of inflammatory response are consistent with what would be operative in acute allograft rejection. The clinical application of immune-based cancer therapeutics requires strategies that will elicit a tumor-specific acute inflammatory response that induces tumor rejection. The cancer must appear dangerous enough for the immune system to initiate a tissuedestructive response.
3

CHRONIC INFLAMMATION IN CANCER CAN ELICIT TUMOR CELL PROLIFERATION AND ENHANCED INVASION
In recent years, the role of inflammatory cells in facilitating the progression of cancer is becoming better understood. Most cancers contain some evidence of inflammatory infiltrate, and many of these cells are components of the innate immune system. Innate immune system cells are involved in tissue repair and remodeling; thus, the factors secreted by these cells operate to enhance rather than inhibit tumor growth. 1 There are several types of innate immune system cells that are implicated in cancer progression. Macrophages are a primary source of secreted proinflammatory cytokines. These cells can be generally categorized as type 1 (M1) or type 2 (M2). M1s secrete cytokines such as interleukin 12 (IL-12) and can actually aid in the generation of T-helper 1 (Th1) adaptive immunity and impart a direct cytotoxic effect to tumor cells. 4 M2s secrete immunosuppressive cytokines and promote tumor cell growth. Tumor-associated macrophages (TAMs) are, in general, of the M2 phenotype, and infiltration by these cells has been shown to be an independent predictor of poor prognosis in multivariate analysis in many malignancies such as lymphoma, non-small-cell lung cancer, and hepatocellular carcinoma. [5] [6] [7] TAMs secrete proteases that enhance invasion and metastases, cytokines that can inhibit an adaptive tumor-specific immune response, and angiogenic factors that increase neovascularization (Fig 1) . 8 Myeloid-derived suppressor cells (MDSCs) are another innate immune cell that promotes cancer growth. MDSCs are elicited during chronic inflammatory states when the differentiation of immature myeloid precursors into mature myeloid cells is blocked. MDSCs inhibit the adaptive immune response via multiple mechanisms: direct secretion of substances that effect T cell function as well as the induction of adaptive T regulatory (Treg) cells.
9 Tregs are CD4 ϩ T cells that have upregulated the transcription factor Foxp3, which enables the cell to suppress inflammation as well as specific immune responses.
10 Induction of Foxp3 can be mediated by T cell receptor stimulation via antigen recognition; IL-2 secretion; and the presence of tumor growth factor ␤ (TGF-␤), which is abundant in tumors.
11 Furthermore, it has recently been shown that MDSCs play a role in skewing adaptive tumor-specific immunity to a T-helper 2 (Th2) response (Fig 1) . 12 Other innate immune system cells have also been shown to create a proliferative tumor microenvironment, including neutrophils, mast cells, and eosinophils.
1 Even dendritic cells (DCs), antigen-presenting cells (APCs) that are critical to the stimulation of effective antitumor adaptive immune responses, can become defective in the tumor microenvironment and aid in tumor immune evasion by failing to stimulate T cells. 13 Cell types associated with adaptive immunity may also facilitate tumor growth. Indeed, it has been postulated that B cells play a significant role in recruiting innate inflammatory cells to tumors.
14 There have been several recent excellent reviews of the proliferative effect of innate immune cells in cancer inflammation, as well as their role in inhibiting T cell effector function; therefore, information provided here will focus on the role of adaptive immunity in regulating cancer progression.
15-18
ACUTE INFLAMMATION IN CANCER CAN ELICIT TUMOR CELL DESTRUCTION
An adaptive T cell response, which requires antigen recognition, is composed of both cytotoxic CD8 ϩ T cells and CD4 ϩ T cells. CD4 ϩ T cells can secrete cytokines involved in the regulation and propagation of the acute inflammatory response, and thus are referred to as T-helper (Th) cells. Animal models have demonstrated that in vivo eradication of tumors is, for the most part, mediated by CTL. However, there has been an increased understanding over the last several years of the importance of the CD4 ϩ Th cell in enhancing or limiting CTL. Th manifests several phenotypes: Th1 cells secrete cytokines such as interferon-gamma (IFN-␥), tumor necrosis factor-␣, and IL-2 and support CTL and tissue destruction (Fig 1) ; Th2 cells secrete cytokines such as IL-10, IL-4, and IL-5 and limit CTL proliferation (Fig 1) ; Th17 cells secrete IL-17 and are operative in pathologic autoimmune disease; and Tregs secrete IL-10 and TGF-ß, which dampen immune responses. 19 The type of protein presented to the immune 20 Viral antigens provide a foreign danger signal that can elicit a tissue-destructive response. Many of the antigens that have been identified in common cancers, however, are nonmutated self-proteins with an altered expression that may make them immunogenic. 21 The National Cancer Institute has made an effort to identify those tumor antigens with the greatest potential clinical importance by asking a panel of experts to evaluate a number of immunogenic cancer-associated proteins on the basis of specific characteristics. 22 Of the 75 tumor antigens assessed using a variety of clinical and laboratory-based criteria, 46 were associated with some level of evidence of inducing immunogenicity in clinical trials, and 20 demonstrated some evidence of being associated with clinical efficacy based on the opinions of the experts. 22 Of those 20 antigens that may have been associated with some clinical impact, 80% would be considered self-proteins ( Table 2) . Immunotherapies that target self-antigens and are associated with a clinical response must, in some way, subvert the normal self-regulatory mechanisms that prevent the development of autoimmunity. A clinically effective antitumor immune response would be one that is similar to that seen in acute allograft rejection, in which specific adaptive immunity against alloantigens results in tissue destruction and cell death. Multiple studies evaluating gene expression changes induced during acute renal allograft rejection have demonstrated significant upregulation of gene pathways involved in adaptive immunity, for example, antigen presentation, IFN-␥ signaling presumably mediated via CD4 ϩ T cells, T cell receptor signaling, cell adhesion, and chemotaxis.
23 Recent retrospective analyses of tumors derived from patients with cancer across multiple tissue types have demonstrated that elements of immune rejection can be observed in some individuals and may be associated with improved clinical outcomes. These investigations have suggested that prognosis in patients with cancer is positively affected by (1) the presence of a tumor gene signature consistent with a type I adaptive immune response (ie, increased antigen presentation, IFN-␥ signaling, and T cell receptor signaling), and (2) the presence of T cells that have penetrated through tumor stroma and are found infiltrating deeply into the parenchyma; intratumoral T cells (ie, cell adhesion and chemotaxis; Fig 2) .
Gene expression studies in multiple solid tumor types have indicated that an immune response signature, particularly one that demonstrates upregulation of IFN-␥, may be associated with an improved survival or prognosis. One of the first investigations to demonstrate this association was performed in approximately 70 patients with colon cancer. 24 The patients were heterogenic in stage (range, I-IV) but had well-annotated clinical follow-up of a sufficient duration to assess outcome. Investigators identified a cluster of genes that, when upregulated, were inversely correlated with tumor recurrence (P Ͻ .05). These seven genes, encoding T-box transcription factor 21, IFN regulatory factor 1, IFN-␥, CD3, CD8, granulysin, and granzyme B, are associated with Th1 immunity and CTL generation. remain metastasis free, as well as in early stage lung cancer, independently predicting improved relapse-free survival (RFS) and overall survival (OS). 25, 26 A tumor environment rich in type I cytokines would result in increased antigen presentation and generation of cytotoxic T cells, and would favor tissue destruction.
The second key feature of a potentially effective immune response is the ability of T cells to travel to the site of the tumor and actually infiltrate deep into the tumor parenchyma. One of the first studies to identify the location of infiltrating adaptive immune cells as important evaluated T cell infiltrations in primary cutaneous melanoma. 27 After evaluation of 285 cases, in multivariate analysis, tumor thickness and T cell infiltrates were found to be significant independent histologic prognostic factors. The importance of intratumoral T cells in prognosis was further underscored in a study that evaluated immune infiltrates in patients with ovarian cancer. 28 One of the first studies to identify the location of infiltrating T cells in relation to the tumor as important, its results demonstrated that patients with intratumoral T cells had superior progression-free survival and OS compared to patients with T cells surrounding but not invading the tumor (P Ͻ .001 for both). The presence of intratumoral T cells was an independent predictor of improved survival in multivariate analysis. The presence of the invading cells was also associated with expression of IFN-␥ and IL-2, two type I cytokines. A similar study, performed in colon cancer, confirmed and extended these observations by further phenotyping the intratumoral T cells. 29 Investigators demonstrated that high levels of intratumoral CD45RO ϩ (memory) T cells correlated with better survival. Tumors derived from the same patient population underwent the gene expression analysis as described above, demonstrating the Th1 signature that presumably facilitated the effector memory T cell infiltration. 24 Intratumoral T cell infiltration has now been shown to be associated with survival benefit in non-small-cell lung cancer, hepatocellular carcinoma, and uroepithelial cancers, to name a few reports.
30-32 Indeed, a recent study in non-small-cell lung cancer demonstrated an intratumoral immune response so vigorous that tertiary lymphoid structures had developed in the tumor, complete with both T cells and DCs. 30 The ability to generate a rejection-type inflammation signal and the ability of T cells to overcome stromal barriers may make a clinical impact in a minority of patients, but clearly cancer still does develop in these individuals. One of the most important mechanisms that limits the ability to eradicate cancer via tumor-specific immunity is not global immunosuppression induced by bulky tumor growth, but rather a natural regulatory response of the immune system that prevents a perceived autoimmune reaction.
SELF-REGULATORY MECHANISMS THAT UNDERMINE THE CANCER-SPECIFIC IMMUNE RESPONSE
There have been several demonstrations of a link between the induction of autoimmunity with immune-based cancer therapies and an antitumor response. Autoimmunity and tumor regression have occurred after the use of a variety of immune-based treatments. The development of vitiligo and uveitis has been reported after tumor regressions were induced with the adoptive transfer of T cells (adoptive T cell therapy) expanded ex vivo from tumor-infiltrating lymphocytes in patients with metastatic melanoma. 33 In a small phase I trial in 13 patients, both the antitumor responses and the autoimmune sequelae were attributed to the expansion of MART-1-specific T cells in vivo. Treatment of melanoma patients with IFN, in the adjuvant setting, has been associated with improved RFS and OS. 34 In a study of 200 patients with stage IIB-C or III melanoma undergoing high-dose IFN-␣-2B adjuvant treatment, it was observed that 26% developed autoantibodies and clinical symptoms consistent with autoimmunity. 35 The median RFS in those patients who did not develop autoimmunity was 16 months, and in those patients with autoimmunity the RFS had not been reached (median follow-up of 45.6 months). Autoimmunity, in this study, was demonstrated to be an independent predictor of both RFS and OS (P Ͻ .001). Of note, an analysis of a similar population by other investigators found no such association. 36 Because most tumor antigens are self-proteins, antitumor immunity is autoimmunity. There are several pathways that are operative in preventing the development of the autoimmune response against cancer. Self-regulation of the adaptive immune response can be accomplished in several ways. Initial immunity developing against cancer can be of a phenotype that does not support tissue destruction. For example, investigations of the Th response to peptide epitopes derived from the MAGE-6 protein, a tumor antigen in patients with renal cell carcinoma, demonstrated that T cell immunity was highly skewed to Th2 rather than Th1 in these patients. 37 Although the MAGE-6 response was dominated by Th2, patients retained Th1 immunity to viral antigens, indicating that this skewing was tumor antigen-specific. Th2 skewing has also been demonstrated in patients with bladder, pancreatic, breast, and lung cancer.
38-40 Antigen-specific Th2 can impair tissue destruction via direct suppression of CTL generation, as well as by the modulation of other inflammatory cell types (Fig 1) . 41 Data generated in a transgenic model of breast cancer suggest that Th2 IL-4 -secreting CD4 ϩ cells regulate tumor-associated macrophage to an M2 phenotype. 42 The M2 phenotype promotes increased tumor cell growth and invasion.
Self-tumor antigens may also induce the preferential proliferation of CD4
ϩ Treg cells. Tregs function to maintain immune homeostasis and limit acute inflammation. 43 These cells interfere with T cell priming and can affect the antitumor function of effector cells via secretion of TGF-ß and IL-10. 44 Several investigations have suggested that Tregs infiltrating the tumor may adversely affect prognosis. One of the first studies to demonstrate the clinical importance of Treg cells evaluated CD4 ϩ
CD25
ϩ T cells in the ascities of patients with ovarian cancer and showed that high levels of Tregs were associated with decreased survival. 45 Subsequently, increased tumoral Tregs have been shown to be an independent predictor of poor prognosis or an increased chance of relapse in some subtypes of breast cancer, early-stage non-small-cell lung cancer, and hepatocellular carcinomas.
31,46,47 The adverse effect of Tregs on the immune response is underscored by the demonstration that depletion of Tregs can enhance tumor-specific immunity after vaccination. Clinical trials of Treg depletion or inactivation via CD25 targeting, along with antigenspecific vaccination, suggested that an increase in the induced tumorspecific immune response occurred with the reduction in Treg brought about by using either a carcinoembryonic antigen or a tumor RNA-based vaccine.
48, 49 Increased levels of Treg cells, however, have been associated with a favorable prognosis in follicular lymphoma, head and neck cancers, and colon cancer.
50-52 The mechanisms of this paradoxical effect, which appears to depend on tissue type, are not well understood. Some have theorized that Tregs may suppress inflammation induced by growth-promoting innate immune system cells in these cancers. It is also important to note that the Th phenotype is not static during the evolving immune response. It has recently been reported that Th1 cells, once tissue destruction occurs, begin to self-regulate by cosecreting IL-10, thus turning off the "rejection" signal. 41, 53 Thereareseveral"immunecheckpoints"thatcontrolevolvingadaptive immunity in an attempt to limit the damage induced by inflammation. All of these play a role in limiting tumor-specific immunity. As an example, programmed death-1 (PD-1) is a receptor that is found on the surface of T cells after encounter with an antigen.
54 When PD-1 is bound by ligands PD-L1 (expressed on cells of multiple lineages) or PD-L2 (expressed on macrophages and DCs), the function of T cells is inhibited. Overexpression of PD-L1 has been reported in several tumor types and is associated with poor prognosis, presumably because of the inhibitory effect ligation would have on the antitumor immune response. 55, 56 Indeed, PD-1 has been suggested to regulate tumor-specific T cell expansion in patients with melanoma. 57 Monoclonal antibodies designed to block PD-L1 are currently in clinical trials.
CTL antigen 4 (CTLA-4) inhibits activated T cells. Anti-CTLA-4 antibodies prevent such a blockade and are thought to enhance immunity, especially responses to self-antigens. Recently, the development of autoimmunity was correlated with an antitumor response induced in patients with metastatic melanoma after anti-CTLA-4 monoclonal antibody therapy.
58 A 13% response rate was seen in 56 patients treated, including two complete responders. A quarter of the patients experienced significant grade 3 or 4 autoimmunity as a result of treatment. In those patients with significant autoimmune toxicity, 36% had evidence of a clinical response compared with only 5% of those who did not develop such toxicity (P ϭ .008). Only a minority of patients achieved an antitumor response. The low response rates observed are most likely due to the natural tendency of the immune system to prevent the initiation of tissue-destructive immunity against self-antigens via numerous anti-inflammatory mechanisms.
EVIDENCE OF CLINICAL EFFICACY OF IMMUNITY-BASED THERAPY FOR CANCER
Despite the self-regulatory obstacles described above, immune-based cancer therapies can be clinically effective, and there are some immune-based approaches that are the standard of care in the treatment of cancer. Intravesicular bacillus Calmette-Guérin, as a treatment for superficial bladder cancer, presumably controls disease via immune-mediated mechanisms. 59 Imiquimod, a Toll-like receptor 7 agonist, is widely used in the treatment of superficial skin cancers.
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Topical imiquimod treatment induces upregulation of genes associated with tissue rejection in these cancers. 61 Donor lymphocyte infusions have become a standard treatment for relapse after allogeneic transplant for hematologic malignancies. 62 The clinical efficacy of monoclonal antibody therapy with agents such as trastuzumab and rituxan is likely due, in part, to immune-mediated mechanisms.
63 A common theme relevant to the success of these approaches is that they are generally used when malignancies are at a low burden of disease and/or noninvasive. Furthermore, monoclonal antibody therapy is often given concurrently with cytoreductive chemotherapy, thereby controlling further cancer growth. Immunotherapy has had greatest success in the treatment of infectious disease. In vaccination against an infection, however, immunity is generated before exposure to the pathogen. Once an infection has become established, it is often difficult to overcome a rapidly proliferating pathogen with a modality such as active immunization. Similarly, immunotherapy may be difficult to apply to established malignancy. Clinical trials performed at the National Cancer Institute have shown that adoptive T cell therapy, infusion of tumor-competent T cells that have been expanded to great numbers outside the body and then reinfused, can elicit a 50% response rate in patients with refractory advanced stage melanoma. T cells derived from melanoma lesions were isolated, expanded in culture, and infused into patients with disease refractory to both chemotherapy and immunotherapy (IL-2).
64 Although a significant response rate was achieved, and some patients had prolonged stabilization of disease and occasional complete responders have been reported, in the majority of patients the immune response provided did not result in complete tumor eradication. These types of studies, encouraging but not completely effective, have led to more extensive study of immunebased cancer treatments in the adjuvant setting. In many solid tumors, unlike infectious disease, the growth of the cancer is slow, which may allow an immune response to proliferate and eradicate the tumor before becoming overwhelmed. 65 Although there are many promising immune-based cancer therapies under development, acting via a variety of different mechanisms, not all can be reviewed here. The clinical application of cancer vaccines to the treatment of human malignancy in the last several years is an excellent representation of the rapid evolution of cancer immunotherapy.
Cancer can be prevented with active immunization, and there are many different types of cancer vaccine formulations in use today, each designed to optimize the ability to immunize against self-proteins (Table 3) . Studies have shown that vaccination against human papillomavirus (HPV) type 16 is highly effective in preventing the development of cervical cancer. 66 These investigations have been extended to demonstrate that a quadrivalent vaccine targeting HPV 68 Those patients who developed delayed type hypersensitivity responses to lysate-based antigens also demonstrated significant decreases in circulating Tregs as compared with patients who did not mount a cellular immune response (P Ͻ .001). A trial of a peptide-based vaccine targeting HER-2/neu in patients with advanced-stage breast cancer demonstrated that active immunization could produce substantial levels of Th1 tumor antigen-specific T cells. 69 Furthermore, patients displayed evidence of epitope spreading, which is a broadening of immunity to other tumor antigens expressed in their cancers. Investigators showed that the greater the magnitude of the IFN-␥-secreting T cell response associated with epitope spreading, the greater the declines of serum TGF-ß in these patients with advanced disease. Theoretically, T cells that travel to the tumor location and secrete IFN-␥ at high levels in the local tumor environment would active APCs, resulting in crosspriming (Fig 2) . As tumor cells often downregulate the receptors needed for immune recognition, the primary method by which the immune system responds to cancer is via tumor antigen uptake by local APCs and presentation of processed antigen to T cells (crosspriming). Cross-priming leads to the development of polyantigen tumor-associated immunity (Fig 2) . In these clinical trials, patients experienced an unusual response rate or OS compared with historical controls. These data suggest that the "rejection signal" may be elicited with active immunization.
In 2009, preliminary data from three large randomized clinical trials suggested that cancer vaccines may be clinically useful in a variety of human malignancies: prostate cancer, follicular lymphoma, and melanoma. In the first example, patients with metastatic androgenindependent prostate cancer were immunized with a vaccine targeting prostatic acid phosphatase. 70 Antigen was loaded on autologous peripheral blood mononuclear cells, which presumably act as a source of APCs. Five hundred twelve patients were randomly assigned to receive vaccine or placebo. The primary end point of the study was OS. The median survival of patients (n ϭ 341) in the vaccinated arm was 25.8 months compared with 21.7 months for patients (n ϭ 171) in the placebo arm (P ϭ .032; hazard ratio ϭ 0.775; 95% CI, 0.614 to 0.979). 71 Of note, this vaccine recently became the first therapeutic cancer vaccine targeting a self-antigen to be approved for clinical use in the United States. The second vaccine study, performed in follicular lymphoma, utilized an idiotype (Id) vaccine unique to individual patients. 72, 73 The phase III trial enrolled patients with advanced stage follicular lymphoma that had been previously untreated. After standard therapy with prednisone, doxorubicin, cyclophosphamide, and etoposide, patients with a complete response were stratified according to International Prognostic Index risk group and randomly assigned to receive either vaccination with Id-KLH and granulocyte macrophage-colony stimulating factor (GM-CSF) or a placebo that consisted of the immune stimulatory agents alone (KLH/ GM-CSF). Eventually, 76 patients received the vaccine and 41 patients received the placebo. At a median follow-up of 56 months, the median time to relapse in the vaccinated arm was 44.2 months compared with 30.6 months in the control arm (P ϭ .045; hazard ratio ϭ 1.6). 74 The final vaccine trial was conducted in patients with stage IV and locally advanced stage III cutaneous melanoma. Patients were randomly assigned to receive high-dose IL-2 with or without a peptide vaccine targeting the gp100 protein, a tumor antigen in melanoma. The primary outcome measure was improved response rate. Patients who received the vaccine had a greater overall response rate (22% v 9%; P ϭ .0223) and progression-free survival (2.9 months v 1.6 months; P ϭ .0101) compared with controls. The difference in median OS, however, was not statistically significant between the two groups (P ϭ .0964). 75 Although the clinical benefit of each of the vaccines was moderate, these represent some of the first phase III cancer vaccine studies to demonstrate statistically significant benefits. Of note, the prostate and melanoma studies were conducted in patients with established disease, making the results all the more encouraging.
CONCLUSION
The delineation of the function and interaction of innate and adaptive immune cells, the definition of tumor antigens, and the molecular profiling of multiple cancer types have all led to an improved understanding of the methods by which the immune system modulates tumor growth. New agents developed to stimulate tumor-specific adaptive immunity are now being designed to counterbalance mechanisms of immune suppression. For the first time, clinical trials of immune-based therapies are demonstrating antitumor efficacy in numbers of patients with cancer, not just one or two unique individuals. The challenge before us is to determine not only how to initiate the "rejection" pathway in human malignancy but also how to sustain that rejection. This will require a better understanding of the host factors that may prevent an effective immune response, the development of combinatorial approaches that disable multiple mechanisms of tumor immune escape, and the integration of immune-based treatments into the standard therapeutic pathway of most patients with cancer. 
